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Gentamicin incorporation along the nephron: Autoradiographic
study on isolated tubules. Gentamicin is a nephrotoxic antibiotic
of the aminoglycoside group, which accumulates within the renal
cortex. The present study is an attempt to localize precisely the
sites of gentamicin accumulation along isolated tubular seg-
ments. We performed autoradiography of 3H-gentamicin (3H-G)
uptake on isolated tubules from kidneys of 6 rabbits previously
treated by a single dose of this drug (125 PCi/kg of body wt; 140
p.g/kg of body wt). Isolated tubules were obtained by microdis-
section following collagenase incubation, 4 hours after 3H-G
administration. Autoradiography of single isolated tubular seg-
ments was performed according to a dry-film technique. Results
were as follows. Almost no gentamicin incorporation (< 2 silver
grains per 150 p.m2) takes place along the distal parts of the
nephron, from the beginning of the ioop of Henle to the end of
the medullary collecting duct. No differences were visible along
these parts of the nephron, whatever their localization, cortical
or medullary. In the proximal tubule (PT), we observed a gradual
regular increase in 3H-G accumulation, from the glomerulus to
the end of the pars recta. The silver grain density progressively
increased along this structure from the very early PT (5 per 150
m2) to the last millimeter of the pars recta (40 per 150 p.m2). No
clear difference between superficial and juxtamedullary neph-
rons was detected. The possible mechanisms that could account
for this observed variation in 3H-G cellular uptake along the PT
are discussed.
Incorporation de gentamicine le long du néphron: Etude autora-
diographique sur tubules isolés. La gentamicine est un antibio-
tique nephrotoxique du groupe des aminoglycosides, qui s'accu-
mule dans le cortex renal. Le but de cc travail a été de localiser
avec precision les sites d'accumulation de Ia gentamicine le long
de fragments tubulaires isolés. Nous avons réalisé des autoradi-
ographies de l'incorporation de 3H-gentamicine (3H-G) sur des
tubules de reins de lapins ayant recu préalablement une dose
unique de cette drogue (125 1zCi/kg; 140 zg/kg). Les tubules
isolés ont été obtenus par microdissection après incubation a Ia
collagenase, quatre heures après l'administration de 3H-G. Les
autoradiographies sur tubule isolé ont été faites selon une
technique utilisant des films sees. Les résultats sont les suivants.
Pratiquement aucune incorporation de gentamicine (marquage
inférieur a deux grains d'argent par 150 m2) n'est présente le
long des parties distales du néphron, depuis le debut de l'anse de
Henle jusqu'a la fin clu tubule collecteur médullaire. Aucune
difference n'est visible entre ces différentes parties, quelle que
soit leur localisation, corticale ou médullaire. Le long du tubule
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proximal (TP), on observe une augmentation réguliere de l'incor-
poration de gentamicine, depuis le glomérulejusqu'a Ia fin de Ia
pars recta. La densité de grains d'argent augmente progressive-
ment depuis le TP très precoce (5 par 150 m2)jusqu'au dernier
millimetre de Ia pars recta (40 par 150 p.m2). Nous n'avons pas
trouvé de difference nette entre néphrons superficiels etjuxtamé-
dullaires. Les mécanismes envisageables pour expliquer cette
variation graduelle de l'incorporation de gentamicine le long du
tubule proximal sont discutés.
Gentamicin, an antibiotic of the aminoglycoside
group currently used in antibacterial therapy, pre-
sents a well-known nephrotoxicity, due to tubular
cell injury [11. Numerous studies have shown that
gentamicin accumulates more in the kidney cortex
than in the medulla in several species including man
[2, 31, dog [41, rabbit [5], rat [6—101 and mouse [11,
121. This accumulation occurs mainly in the cells of
the proximal tubule, via a pinocytosis process
through the brush border membrane, followed by a
translocation to the lysosomes [9, 11, 13].
The aim of the present study was to study sys-
tematically the precise localization of gentamicin
along the nephron, in its proximal as well as in its
distal parts. For this purpose, autoradiographic
studies of 3H-gentamicin (3H-G) cellular accumula-
tion have been conducted on isolated tubules from
kidneys of rabbits previously treated by this drug.
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Methods
Experiments were performed on 204 tubular seg-
ments from six female New-Zealand rabbits, each
weighing 1.9 to 2.2 kg.
Four hours before sacrifice, 3H-G, 125 p.Cilkg of
body wt(Amersham, S.A. = 514 mCi/mM; 140 ig/
kg of body wt), was injected into the marginal vein
of the ear. Animals were killed by a blow behind the
neck, and the left kidney was immediately proc-
essed.
In two experiments, we checked plasma radioac-
tivity 2 and 4 hours after injection, and the total
radioactivity of the right kidney at the time of
sacrifice.
Plasma radioactivity was 90,000 and 97,240 cpm/
ml (mean, 93,620) 2 hours after injection and 9,960
and 9,220 (mean, 9,590) 4 hours after injection. If
one assumes that the total rabbit plasma volume
represents at most 100 ml, then only 4% and 0.5% of
the radioactivity injected (250 pCi or 241 X 106
cpm) would remain in the total plasma volume at 2
and 4 hours, respectively.
Radioactivity of the total right kidney was count-
ed after homogenization of the tissue. Results were
3.89 x 106 and 3.51 x 106 cpm per kidney, indicat-
ing that 2.8% of the injected 3H-G was trapped in
the kidneys at the time of sacrifice.
Preparation of isolated tubular segments. The
method used has been previously described 1114,
151. The left kidney was perfused through the renal
artery with 20 ml of ice-cold solution no. 1 (137 mM
sodium chloride, 5 m potassium chloride, 0.8 mM
magnesium sulfate, 0.33 mrvi dibasic sodium phos-
phate, 0.44 m monobasic potassium phosphate, 1
m magnesium chloride, 1 m calcium chloride, 5.
mM D-glucose, and 10 mrvi Tris hydrochloride (pH,
7.4). Perfusion was completed with 10 ml of the
same solution to which 0.1% collagenase
(Worthington, 149 U/mg) and 0.1% bovine serum
albumin (Sigma) were added, injected under pres-
sure after ligation of the ureter and the renal vein.
Thin pyramid pieces (10 to 15 mg) cut from the
perfused kidney, containing cortex and medulla,
were incubated at 37° C for 45 mm in a similar
collagenase solution. After incubation, pyramids
were transferred to an ice-cold solution no. 2 (simi-
lar to no. 1 except for the absence of collagenase
and a lower concentration of calcium chloride 110.25
mMI). Microdissection was performed at + 4° C for
60 to 90 mm.
To estimate the loss of radioactivity that may
have occurred during these steps, we measured in
two experiments the radioactivity of the incubation
solution at the end of the incubation time, and in the
microdissection solution at the end of the experi-
ment. Total radioactivity in the incubation solution
was 52,700 cpm (mean of the two experiments). The
amount of incubated kidney tissue was about 300
mg (20 pyramids). Assuming for these pyramids a
radioactivity content similar to that of the contra-
lateral kidney, one can calculate that the loss of 3H-
G in the incubation solution was about 30%. Total
radioactivity in the 3 ml of the microdissection
solution, containing one pyramid, was 85 cpm, that
is, about 1.5% of the estimated radioactivity of the
pyramid.
For the first two rabbits studied, we isolated 76
tubular segments from the entire length of the
nephron to establish a gentamicin incorporation
index all along the tubule. Tubular segments, about
1 mm in length, were defined as follows. The
proximal tubular segments (N = 21) were divided in
three categories: initial portion (N = 4), corre-
sponding to segments taken from the first 3 mm
following the glomerulus; pars recta (N = 8),
segments belonging to the straight proximal tu-
bules, corresponding to the 3 mm preceding the
beginning of the thin descending limb; midportion(N = 9), segments not belonging to the above
mentioned categories, that is situated approximate-
ly between the 4th and the 7th mm. Segments of the
distal parts of the tubule were defined according to
the classification of Morel et al 1141: thin descending
limb (N = 6), thin ascending limb (N = 4), thick
medullary ascending limb (N = 8), cortical ascend-
ing limb (N = 4), distal convoluted tubule (N = 15)
without distinction between bright and granular
portion of this segment, cortical collecting tubule in
its "granular" (N = 10) and "light" (N = 8)
portion, and medullary collecting tubule (N = 3).
Because these first two experiments revealed that
almost no silver grains were present in the distal
parts of the nephron, and that gentamicin incorpo-
ration seems to be heterogeneously distributed
along the proximal tubule, the microdissection pro-
tocol was modified for the next two experiments to
study specifically this latter point. In these experi-
ments, only proximal tubular segments (N = 67)
were taken. Because it is very difficult to dissect
entire proximal tubules, the following procedure
was used to obtain precise localization of the isolat-
ed segments. We isolated segments with either their
glomerulus attached to them or with the junction of
pars recta to thin descending limb. The length of
these segments was measured using a millimetric
scale placed under the microdissection dishes. Af-
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Fig. 1. Photographs of autoradiography on histologic cortical slices. P is proximal tubule; D is distal structures; V is vein. The labeling is
important and heterogeneous in proximal tubular cells. Almost no labeling is present in distal structures. Note the absence of silver
grains in the tubular lumen (Bar = 10 m; magnification, x700).
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terwards, segments (1-mm long) were located at the
precisely known distance from either the beginning
or the end of the proximal tubule and transferred for
autoradiographic procedure. Two to four segments
belonging to the same tubule could thus be directly
compared.
The last two experiments were specially designed
to compare gentamicin incorporation in proximal
tubules of superficial and juxtamedullary nephrons.
Fifty-one proximal tubules were dissected. In addi-
tion, we also isolated 10 cortical collecting tubules
in their granular portions. The protocol was similar
to the one described above.
We distinguished superficial and juxtamedullary
proximal tubules as follows. Proximal convoluted
tubules with their glomeruli were located close to
the kidney surface (superficial nephrons) or close to
the corticomedullary junction (juxtamedullary
nephrons). The pars recta was that part directly
ascending from the juxtamedullary junction to the
surface of the cortex (superficial nephrons) or ter-
minal portions of proximal tubules that were locat-
ed entirely located in the deep cortex and with no
clearly defined straight portion.
Autoradiographic methods on isolated tubules.
We used a dry-film technique [15, 17], which avoids
fixation and staining before the revelation of the
films, thus reducing drastically the eventual diffu-
sion of radioactive markers occurring during these
steps.
Gelatinized glass slides were previously coated
with AR-b stripping film (Kodak): the emulsion
was applied with its sensitive side placed opposite
to the slide and dried for 48 hours. After dissection,
tubules were transferred using a thin polyethylene
catheter, with about 5 p.l of solution no. 2, to cover
slips and immediately transported to the darkroom
on aluminum boxes cooled at + 4° C. Under safe-
light, the cover slips were turned upside down on
the precoated slides very carefully, with no trans-
versal displacement to avoid chemography. Slides
were frozen on dry ice, and cover slips were
removed. Slides were then stored in dark boxes
with dehydrating agent (Silicagel) and kept at
— 20° C in the dark for 4 weeks. Before revelation,
the slides were warmed up at room temperature for
1 hour, fixed in methanol for 5 mm, and rinsed in
distilled water. Films were developed (developer
ilford LS) for 8 mm, rinsed, and fixed for 10 mm
(Unifix Kodak). Afterwards isolated tubules were
stained for 30 mm with methyl-green pyronin.
To establish an index of 3H-G incorporation, we
counted the silver grains by microscopic examina-
tion (x 1000). For each microdissected segment,
pars recta
thin descending (med)
(4 to 40)
(9 to 90)
(8 to 80)
(6 to 60)
silver grains were counted, using an ocular grid, in
ten 150-im2 squares randomly taken along the
length of the segment. For each slide, the back-
ground of the film was counted in ten 150-ji.m2
squares situated at approximately two tubular
widths from the tubular segment. This background
(ranging between 0.5 and 4.0 silver grains per 150
was then deducted from each individual value.
For the first two experiments, the mean value
SEM of all squares belonging to one category of
tubules was calculated, the two experiments being
pooled together.
For the other four experiments, where the pur-
pose was to compare values from very precisely
located segments, and where several segments orig-
inated from the same proximal tubule, mean values
were calculated for each isolated segment. Thus, in
this latter case, each point on the figures gives the
particular value for one dissected segment, and not
the mean value for the whole category of segments,
as in the first two experiments.
Autoradiographic method on histologic slices. In
one rabbit, after removal of the left kidney for
microdissection, the right kidney was fixed by in
vivo perfusion of glutaraldehyde according to the
technique described by Hatt [18]. This experiment
was performed to check that results obtained in our
conditions are comparable with those published in
the literature [9, 11]. After inclusion in paraffin, 4-.i.
cortex slices were cut; slides were immersed in a
"early"
"mid"—I
Proximal
tubule
Hen le's
loop
thin ascending (med)
thick ascending (med)
thick ascending (cort)
bright + granular)cort)
granular (tort)
light (tort)Collecting
tubule
(4 to 40)
(5 to 50)
(4 to 40)
(15 to 150)
(10 to 100)
(8 to 80)
light (rued) (3 to 30)
0 5 10 15 20
3H-Gentamicin incorporation in tubular cells,
silver grains per 150 pm2
Fig. 2. Mean values of silver grain density per 150 IJ.m2 surface
area for the different tubular segments. Values are taken from
the first two experiments. Med is medulla; cort, cortex. The two
numbers in brackets refer to the number of tubular segments
dissected and to the total number of squares counted for each
category of tubular structure, on which mean values and SEM
have been calculated. The progressive increase of the labeling
along the proximal tubule and the absence of labeling along the
distal parts of the nephron appear clearly.
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liquid film solution (Kodak K 5, dilution 1:2), dried,
and kept at — 200 C in the dark for 4 weeks.
Revelation and staining were performed as de-
scribed for isolated tubules.
Results
Figure 1 shows two photographs of cortical
slices. Labeling of proximal tubules is clear, with
different labeling from one convolution to another.
Almost no silver grains are visible in distal struc-
tures. Of interest is the absence of silver grains in
tubular lumens and in vascular structures.
Figure 2 summarizes the results obtained on
isolated segments for the first two experiments,
where gentamicin incorporation was studied all
along the tubule. The mean value of silver grain
counts per 150 im2 is represented for each category
of tubular segments. This value was relatively low
in the "early" proximal tubule (4.56 0.77),
increased in the midportion of the proximal convo-
luted tubule (9.70 1.85), and reached a maximum
in the pars recta (21.40 2.01). These values all
Fig. 3. Examples of tubular segments (pars recta)
with a heavy labeling at a relatively low magnifica-
tion to show the tubular shape, the background
around the tubule, and the importance of the
labeling. (Bar = 10 tim; magnification, x 300)
significantly differ from each other (P < 0.001).
Photographs of pars recta are shown in Fig. 3.
In contrast, silver grain density was regularly less
than 2.00 all along the distal parts of the nephron,
values being all significantly lower (P < 0.001) than
in the early proximal tubule. No clear difference
appears from one part to another, between the
beginning of the Henle's loop up to the medullary
collecting tubule. In particular, silver grain density
was not different in the medullary and cortical
portions of the distal parts of the nephron. Figure 4
shows photographs of pars recta, cortical thick
ascending limb of the Henle's loop, and cortical
collecting duct, taken as examples, from the same
kidney.
Figure 5 illustrates the results concerning the
specific evolution of silver grain density along the
proximal tubule. This figure is drawn from the two
experiments where proximal tubular segments were
precisely located, with consecutive segments from
the same tubule without distinction between super-
ficial and juxtamedullary nephrons. Silver grain
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Fig. 4. Photographs of A a parts recta, B a cortical thick ascending limb of the Henle's loop, and C a cortical collecting tubule, from the
same kidney. The heavy labeling of the pars recta contrasts with the very low silver grain density in the distal parts of the nephron.
Background is visible on these photographs. The focus was performed on silver grains, so that the nuclear shape is fuzzy. Irregularities
visible on the film are due to the successive treatments of the dry emulsion (handling of the tubule, freezing, development, staining of the
nephron). (Bar = 10 )
E 40
Q
300
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Fig. 5. Gradual increase in 3H-gentamicin accumulation along
the length of the proximal tubule. Each point represents the
silver grain density of a single tubular segment. Segments from
the same proximal tubule are joined by a line. Closed and open
circles refer to two different experiments.
count per 150 m2 of each segment is plotted
against its situation along the proximal tubule,
starting from the glomerulus. We assumed a total
length of 9 mm for the rabbit proximal tubule, as
reported by Bankir and Rouffignac (191. In this
species, no clear difference in the proximal tubular
length has been reported according to the situation
of the nephron within the cortical depth, so that
such a value can be assumed for the whole popula-
tion of nephrons.
As shown in Fig. 5, silver grain density increased
linearly from the beginning to the end of the proxi-
mal tubule. Values were about 5 per 150 pm2 in the
first millimeter, and reached about 40 in the final
millimeter of the proximal tubule. In Fig. 6, photo-
graphs of consecutive segments from two proximal
tubules are shown as examples.
For the whole data, the linear regression coeffi-
cient was r = 0.947 (P < 0.001, N < 67). The slope
was 4.65. It is of interest to notice the absence of
abrupt variation from one part of the proximal
tubule to another, particularly between the pars
convoluta and the pars recta.
The results of the two last experiments do not
differ from those of the preceding series. Proximal
tubules were clearly labeled, whereas no silver
grains were present in the cortical collecting tubule
(0.78 0.35 silver grain per 150 im2, N = 5, and
0.57 0.45, N = 5).
Figure 7 illustrates the pattern of labeling of the
proximal tubules for superficial and juxtamedullary
nephrons. For the whole population, the linear
regression coefficient between labeling and tubular
localization was r = 0.914 (P <0.001, N = 51). The
slope was 4.33. A significant correlation was also
found in each experiment, when superficial and
juxtamedullary nephrons are considered separately
(superficial, r = 0.967, N = 7, and r = 0.934, N =
17; juxtamedullary, r = 0.876, N = 17, and r =
50
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Fig. 6. Photographs cf consecutive proximal tubular segments. Top panel. Three segments from one proximal tubule belonging to a
superficial nephron. Segments were located, respectively, at 1 (A), 3 (B), and 5 (C) mm from the glomerulus. Bottom panel. Three
segments from one proximal tubule belonging to ajuxtamedullarv nephron. Segments were located, respectively, at 5 (D). 3(E), and I
(F) mm from the end of the pars recta, representing the 5th, 7th, and 9th mm from the glomerulus. The gradual increase of labeling from
the beginning to the end of the proximal tubule is visible. (Bar = 10 im)
0.944, N = 10). In each experiment the labeling of
the last millimeter of the pars recta was somewhat
smaller in superficial than in juxtamedullary neph-
rons, and the slope of the regression line was
slightly lower for superficial than juxtamedullary
nephrons (4.53 vs. 4.81, and 3.64 vs. 4.29). But,
differences between the slopes do not reach statisti-
cal significance, neither in separate experiments nor
when both experiments are considered together
(3.88 and 4.82, N = 51, P> 0.10).
Discussion
Our study was directed toward the precise local-
ization of 3H-gentamicin intracellular sequestration
along the tubular length. For this purpose it was
necessary to combine the following conditions:
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Fig. 7. Pattern of gentamicin accumulation along the proximal
tubule of superficial and juxtamedullary nephrons. The repre-
sentation is similar to that of Fig. 5. Open symbols denote
superficial nephrons. Closed symbols denote juxtamedullary
nephrons. Circles and squares refer to two different kidneys.
maximal intracellular sequestration of the drug,
very low plasma concentration, tracer dose to avoid
localization of the drug to non specific sites, and
finally a moment that precedes nephrotoxicity [201,
which would render microdissection very difficult.
In our experiments, the dose injected was in the
range of those previously used for histoautoradio-
graphic studies on gentamicin accumulation within
the tubular cells [10, 211. The time-lag (4 hours)
between injection and sacrifice was chosen because
it has been shown to correspond to a plateau of
kidney accumulation, together with an almost com-
plete disappearance of gentamicin from plasma [III.
We found a similar plasma decay in our rabbits, and
the percentage of the gentamicin injected that re-
mains sequestrated in the kidney (2.84%) was com-
parable to literature data [5, 22]. Previous studies
have shown that 4 hours after injection of gentami-
cm, the drug is already trapped in lysosomes [9, 11,
13, 211, and will remain trapped for a very long time
because the half-life of exocytosis process is about
100 hours [1, 7, 81 (Morin, in preparation) and large
amounts of gentamicin are still present in the kidney
cortex more than I month after injection [11.
Numerous studies on isolated tubules have dem-
onstrated the viability of this material for autoradio-
graphic or metabolic studies concerning various
problems, such as sodium or water transport [231,
thy midine or uridine incorporation [15], steroid
hormone binding [171, and adenylate cyclase activa-
tion by several hormones [14, 24].
To assess from autoradiographic studies that the
observed labeling effectively corresponds to the
cellular localization of the label, one must make
sure that the radioactivity does not originate from
the extracellular compartment; that is essentially,
for the kidney, plasma and tubular fluid. Consider-
ing the plasma gentamicin concentration at the time
of sacriface and the washout of the kidney by renal
artery perfusion before microdissection, we can
affirm that the radioactivity due to plasma contami-
nation is negligible. On our histologic slices (Fig. 1),
it is also clear that no labeling is present in tubular
lumens.
The present study confirms the general data
concerning renal accumulation of gentamicin in the
renal cells; that is, that incorporation occurs mainly
in the cells of the proximal tubule. In addition to
these data, use of isolated tubules allows us to
obtain a very precise localization of this accumula-
tion along the tubular length, for either the proximal
or the distal tubule.
In the distal parts of the nephron, our results
indicate that almost no gentamicin incorporation
occurs, whatever the situation of the tubular seg-
ment within the kidney (cortex or medulla) or the
cell or tubular type (thin or thick part of the Henle's
loop, different parts of the distal tubule, cortical or
medullary collecting duct).
For the proximal tubule, previous studies under-
lined a patchy distribution of gentamicin injury
among proximal tubules [9, 25], but usually did not
consider the eventuality of a differential gentamicin
accumulation along the length of this structure.
Generally, no mention was made of this point. In a
few studies, the pars convoluta and the pars recta
were considered separately. Houghton et al [25, 26]
found lesions that predominate in the pars convo-
luta. On the other hand, Silverblatt and Kuehn [9]
suggested, from a remarkable work on serial histo-
logic slices, that gentamicin accumulation could
increase along the pars convoluta.
This point, that is, a gradual increase, not only
along the pars convoluta but along the entire length
of the proximal tubules, is clearly demonstrated by
our results. A highly significant increase was ob-
served as a function of the distance from the
glomerulus, reaching a factor 8 between the very
beginning and the end of the tubule. When succes-
sive portions of the same tubule are considered, this
gradual increase is constantly found, in the early as
in the late proximal tubule, in spite of individual
variation from one tubule to another. Although
labeling was slightly higher in the pars recta of
juxtamedullary than superficial nephrons, it is clear
that the pattern of cellular accumulation of gentami-
cm is very similar in these two categories, and that
clearcut differences between them are not responsi-
ble for the internephron variation observed.
10
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Length of proximal tubule, mm
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Such a pattern of accumulation is not simple to
interpretate. It is now well established that gentami-
cm accumulates in proximal tubular cells mostly via
a pinocytosis process across the brush border of the
apical membrane and subsequent translocation to
the lysosomes [13, 211; such a pinocytosis process
could resemble those involved in proteins or poly-
peptides reabsorption [211. In addition, a tubular
transport of gentamicin, depending on a transport
system located at the basal pole of the cells, has
been suggested from in vitro studies, but the exis-
tence of such a transport mechanism, as well as its
possible interaction with organic base or acid trans-
port systems are still under discussion (see the
recent reviews on these points in Ref. 1). This
tubular transport of gentamicin, if present, could be
prominent in the pars recta, as suggested by prelim-
inary micropuncture experiments [271 and studies
on isolated straight proximal tubules [28].
Our experimental approach concerns the cellular
sequestration of gentamicin, but, indeed, cannot
give any indication about an eventual transcellular
transport. Few data are available on this point.
Recent studies by Pastoriza-Munoz et al [291, how-
ever, argue against the existence of a transtubular
reabsorption of gentamicin, and also, against a
rapid transtubular secretion of the drug along the
proximal tubule. This is in favor of the fact that
membrane transport of gentamicin, either at the
apical or the basal pole, leads mostly to cellular
sequestration of the drug, rather than with transtu-
bular transport.
None of the available data could clearly account
for the gradual increase of gentamicin accumulation
along the proximal tubule observed in our experi-
ments. One possibility could be that the intralu-
minal concentration of gentamicin gradually in-
creases along the proximal tubule, assuming that
pinocytosis of gentamicin would be in some manner
proportional to its intraluminal concentration. We
did not find in the literature any data concerning
this point, except preliminary micropuncture re-
sults [27, 30]. These results indicate that intralu-
minal concentration of gentamicin either does not
vary along this structure [27] or increases only very
slightly [30]. These data, however, need confirma-
tion, and, anyway, do not give information concern-
ing the pars recta, which is not accessible to micro-
puncture.
Another hypothesis would be that a progressive
increase in the cellular uptake of gentamicin takes
place along the proximal tubule, independent of the
intraluminal concentration of the drug. As we previ-
ously noticed, this variation in the gentamicin up-
take could depend on a gradual increase in the
transport either at the apical or the basal pole of the
cells. A gradual increase in the number of "endocy-
tosis sites" of the brush border for gentamicin along
the proximal tubule can be evoked, which may be
due to either an increasing density of sites per
surface area of membrane, or to an increase in the
total surface of membrane, as it is now well estab-
lished [161. But, from microinjection studies, Pas-
toriza-Munoz et al [29] recently brought evidence
suggesting that neither fractional nor absolute up-
take of gentamicin from tubular fluid differs along
the convoluted and straight proximal tubules.
The alternative possibility, that is, a greater up-
take of gentamicin from the peritubular space in the
pars recta than in the pars convoluta, could be
supported by the fact that uptake of gentamicin
from the peritubular pole has been shown in isolat-
ed nonperfused proximal straight tubules [28]. But,
one can wonder if such a mechanism could be
sufficient to account for the large differences ob-
served in our experiments, because transport of
gentamicin is generally considered as quantitatively
much less important at the basal than at the apical
pole of the tubular cells [1, 3]. In addition, one has
to invoke a gradual increase of this transport mech-
anism along the proximal tubule rather than a
clearcut difference between pars convoluta and pars
recta, because in this latter case, we would expect a
sharp difference between gentamicin accumulation
in these two structures, which is clearly not the case
in our experiments.
In fact, at the present time, it is impossible to give
a clear explanation for the gradual increase in
gentamicin accumulation along the proximal tubule,
and further investigation is needed to decide be-
tween the different hypotheses proposed here.
Finally, we would like to draw attention to a
somewhat surprising observation. In contrast with
the heavy accumulation of gentamicin in the pars
recta, as compared with the early part of the
proximal tubule, histologic studies about tubular
injury due to this drug do not show evidence of
predominant lesions in the pars recta, and in some
studies, lesions are even mainly located in the pars
convoluta, the pars recta being relatively preserved
[8, 25, 26]. We have no explanation for this appar-
ent contradiction, which could suggest that factors
other than the level of tissue accumulation may
intervene in the cellular toxicity of this drug, or that
the different parts of the proximal tubule may
present different sensitivity to gentamicin injury. In
a recent study, however, Cronin et al [31] reported
tubulointerstitial lesions due to gentamicin, pre-
dominant in the juxtamedullary cortex, and attribut-
ed it to more important damages in juxtamedullary
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than superficial nephrons. Taking into account the
lack of difference between superficial and juxtame-
dullary nephrons in our experiments, one can won-
der if, in fact, the tubulointerstitial lesions observed
in the inner cortex could not correspond to pars
recta damage, rather than to nephron heterogene-
ity, because pars recta largely predominate within
this zone.
In conclusion, the present autoradiographic study
of gentamicin accumulation on isolated microdis-
sected tubules confirms that this accumulation
takes place only within the cells of the proximal
tubule. No accumulation occurs in any segment of
the distal parts of the nephron, either cortical or
medullary. Along the proximal tubule, the cellular
accumulation gradually increases from the glomeru-
lus to the end of the structure, of superficial as well
as juxtamedullary nephrons. This phenomenon is
present in all the tubules despite the fact that
quantitative accumulation varies from one nephron
to another. The mechanism accounting for this
progressive increase is unknown.
Reprint requests to Dr. A. Vandewalle, I.N.S.E.R.M. U2,
Hôpital Leon Bernard, 94450 Limeil-Brévannes, France
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